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Executive Summary

Background
Unintentional injuries are the leading 
cause of death among people in the United 
States ages 1 to 44, and the third leading 
cause among people ages 45 to 64.1 Among 
all age groups, motor vehicle crashes 
are the first or second leading cause of 
unintentional injury death.2 In 2011, there 
were approximately 40,000,000 emergency 
department (ED) visits for injuries; of 
these approximately 2.5 million were due 
to trauma complications and unspecified 
injuries.3 Approximately 18 percent of 
patients seen in the ED for an injury were 
transported by emergency medical services 
(EMS) personnel.4 Traumatic brain injury 
(TBI) is an important subset of trauma. 
Among an estimated 1.7 million annual 
cases of TBI, there are 52,000 deaths 
and 275,000 hospitalizations.5 TBI is a 
contributing factor to about one-third of 
injury-related deaths in the United States. 
From 2001 to 2010, the rate of TBI-related 
ED visits increased from 421 to 716 
per 100,000,6 though the rate of deaths 
declined from 18.5 to 17.1 per 100,000 
people.

Field Triage of Patients With 
Trauma

Field triage by EMS is a critical aspect 
of trauma systems, as it helps to identify 
potentially seriously injured patients 

Purpose of Review
To assess the predictive utility, reliability, 
and ease of use of the total Glasgow 
Coma Scale (tGCS) versus the motor 
component of the Glasgow Coma Scale 
(mGCS) for field triage of trauma, as 
well as comparative effects on clinical 
decisionmaking and clinical outcomes.

Key Messages
•	 The tGCS is associated with slightly 

greater discrimination than the mGCS 
or Simplified Motor Score (SMS) 
for in-hospital mortality, receipt of 
neurosurgical interventions, severe 
brain injury, and emergency intubation. 
For every 100 trauma patients, the 
tGCS is able to correctly discriminate 
1 to 5 more patients than the mGCS or 
the SMS.

•	 Limited evidence suggests that the 
mGCS is easier to score correctly than 
the tGCS.

•	 The clinical significance of differences 
in discrimination is likely to be small 
and could be offset by factors such as 
convenience and ease of use. 

•	 Future research is needed to understand 
how use of the tGCS versus the mGCS 
or SMS impacts clinical outcomes and 
risk of over- or under-triage.
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and inform transport decisions.7-9 Appropriate decisions 
regarding transport are crucial because management of 
severely injured patients in a Level I or a Level II trauma 
center has been shown to be associated with improved 
clinical outcomes.9 On the other hand, unnecessarily 
triaging patients to high-level trauma care who do not 
require it may represent an inefficient use of staff and 
resources.10

EMS personnel must rapidly triage individuals who have 
undergone trauma in challenging environments. Therefore, 
EMS personnel must have assessment tools that are easy 
to use, reliable, and accurate. A key component of field 
triage for patients with suspected serious injury is level 
of consciousness assessment.4 The Glasgow Coma Scale 
(GCS)11,12 is an instrument widely used for assessment of 
consciousness at the site of injury, in EDs, and in hospitals, 
and to monitor progress or deterioration during treatment.13 
The GCS consists of three items (components): eye (scored 
1 to 4), verbal (scored 1 to 5), and motor (scored 1 to 6). 
Scores on each of these components are added to obtain 
the total Glasgow Coma Scale (tGCS) score, ranging from 
3 to 15. Lower scores on the tGCS indicate lower levels 
of consciousness, generally correlating with more severe 
injury associated with poorer prognosis and requiring 
more intensive care. For patients with TBI, scores of 3 to 
8 are generally considered to denote severe head injury, 
9 to 12 moderate, and 13 to 15 mild.14 The 2011 field 
triage guidelines from the Centers for Disease Control 
and Prevention (CDC) National Expert Panel recommend 
transporting patients with tGCS scores of 13 or less to 
facilities providing the highest level of trauma care.4

In some circumstances (e.g., trauma victims who are 
intoxicated, intubated, or whose other injuries influence 
response) it may not be possible to accurately assess 
the verbal and eye components of the GCS. In these 
cases, assessments may be primarily based on the 
motor component of the Glasgow Coma Scale (mGCS) 
alone.11,15-17 The mGCS has been proposed for assessment 
of trauma patients even when the tGCS can be obtained, 
since only one item is assessed, potentially increasing 
ease of use in the field.18 mGCS scores of 5 or less are 
considered an indication of patients with severe injury.18,19 
The Simplified Motor Score (SMS) has been proposed as 
a streamlined alternative to the mGCS, which is assessed 
on a three-point scale (scored 0 to 2, with a score of 0 
corresponding to 1 to 4 on the mGCS, 1 corresponding to 
5 on the mGCS, and 2 corresponding to 6 on the mGCS).20

Decisions regarding the use of the tGCS versus more 
simplified versions of the tGCS should be based on their 
relative performance. The ultimate goal of selecting 

one risk prediction instrument over another is to 
improve clinical outcomes (e.g., in-hospital mortality). 
However, information on clinical outcomes is often 
lacking, and decisions about use must often be based 
on how instruments perform on intermediate outcomes. 
Intermediate outcomes include measures of over- or under-
triage (i.e., the degree to which patients are unnecessarily 
transported to a Level I or II trauma center [over-triage] 
or not transported to a Level I or II trauma center  when 
needed[under-triage]) or predictive utility, as assessed 
using measures of discrimination (ability of an instrument 
to distinguish patients with the disease from those 
without), calibration (how well predicted risk correlates 
with actual risk), standard measures of diagnostic accuracy 
(e.g., sensitivity, specificity, and predictive values), or 
adjusted risk estimates (e.g., odds ratio, relative risk, 
hazards ratio).21 Other factors that could inform selection 
of field triage risk assessment instruments include 
intra- and interrater reliability and ease of use (e.g., time 
to administer the instrument and amount of missing 
data).12,22,23

A number of factors could impact the performance of 
field assessment instruments. These include variability 
in patient populations (e.g., type of trauma, demographic 
characteristics, presence and severity of intoxication, and 
medical comorbidities), level of training and certification 
of administering personnel (e.g., emergency medical 
responder, emergency medical technician [EMT], 
advanced EMT, paramedic, physician, or nurse24), receipt 
of field interventions (e.g., medications, intubation), setting 
(e.g., country, urban vs. rural) or timing of assessment 
relative to injury occurrence. Evidence about field triage 
instruments frequently relies on extrapolation from studies 
conducted in EDs, as this environment is more controlled 
and easier to study.25 However, the performance of the 
tGCS and mGCS may be different when administered soon 
after injury by EMS personnel in the field as opposed to 
later by ED personnel, after destination decisions have 
already been made and patients have been stabilized with 
initial interventions.

During the development of field triage guidelines and 
algorithms by the CDC National Expert Panel in 2011,4 
use of the mGCS was considered a way to potentially 
simplify field triage. The mGCS was not adopted, due in 
part to lack of evidence about the comparative accuracy 
and reliability of the mGCS relative to the tGCS. However, 
more evidence is now available on the mGCS.
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Scope of Review and Key Questions

This report addresses the following Key Questions:

Key Question 1. In patients with known or suspected 
trauma, what is the predictive utility of the tGCS 
compared with the mGCS for predicting in-hospital 
mortality, morbidity, Injury Severity Score of 16 or 
greater, head Abbreviated Injury Scale (AIS) score 
greater than 2 (AIS-2005) or greater than 3 (AIS-
1998), presence of intracranial hemorrhage, and 
utilization indicators of severe injury (e.g., receipt of 
intracranial monitoring within 48 hours of admission, 
receipt of a neurosurgical intervention within 12 
hours of admission, or early intubation [in the field or 
immediately upon presentation to the ED])?

Key Question 1a. How does predictive utility 
vary according to patient age or other patient 
characteristics (e.g., TBI vs. unspecified or other 
trauma, systolic blood pressure, level of intoxication, 
type of trauma, intubation or receipt of medications 
in the field), the training and background of the 
person administering the instrument, and the 
timing/setting of assessment (i.e., in the field vs. upon 
presentation to the ED or urban vs. rural location)?

Key Question 2. In patients with known or suspected 
trauma, what are the comparative effects of the tGCS 
compared with the mGCS on over- and under-triage 
(e.g., proportion of patients in whom initial EMS 
transport is to a higher or lower than appropriate level 
of care, or proportion transferred to a lower or higher 
level of care)?

Key Question 2a. How do effects on over- and under-
triage vary according to patient age or other patient 
characteristics (e.g., TBI vs. unspecified or other 
trauma, systolic blood pressure, level of intoxication, 
type of trauma, intubation or receipt of medication 
in the field), the training and background of the 
person administering the instrument, and the 
timing/setting of assessment (i.e., in the field vs. upon 
presentation to the ED or urban vs. rural location)?

Key Question 3. In patients with known or suspected 
trauma, what is the comparative effectiveness of the 
tGCS compared with the mGCS on clinical outcomes 
(e.g., in-hospital mortality, morbidity, quality of life)?

Key Question 3a. How do effects on clinical 
outcomes vary according to patient age or other 
patient characteristics (e.g., TBI vs. unspecified 
or other trauma, systolic blood pressure, level of 

intoxication, type of trauma, intubation or receipt of 
medication in the field), the training and background 
of the person administering the instrument, and the 
timing/setting of assessment (i.e., in the field vs. upon 
presentation to the ED or urban vs. rural location)?

Key Question 4. In patients with known or suspected 
trauma, what is the comparative reliability (e.g., 
interrater and intrarater kappa) and ease of use 
(e.g., time to complete, amount of missing data, user 
reported satisfaction) of the tGCS compared with the 
mGCS score?

Key Question 4a. How do comparative reliability and 
ease of use vary according to patient age or other 
patient characteristics (e.g., TBI vs. unspecified 
or other trauma, systolic blood pressure, level of 
intoxication, type of trauma, intubation or receipt of 
medication in the field), the training and background 
of the person administering the instrument, and the 
timing/setting of assessment (i.e., in the field vs. upon 
presentation to the ED or urban vs. rural location)?

The research questions used to guide this review were 
initially developed by the National Highway Traffic Safety 
Administration and revised with input from a Technical 
Expert Panel. The Key Questions focus on predictive 
utility, over- and under-triage, clinical outcomes of the 
tGCS versus the mGCS or the SMS, as well as reliability 
and ease of use. We included studies of children and 
adults with known or suspected trauma, with assessment 
using the tGCS, the mGCS, or the SMS. For studies 
evaluating measures of diagnostic accuracy (sensitivity, 
specificity, predictive values), we focused on studies that 
used standard cutoff scores (≤13 for tGCS and ≤5 for 
mGCS), but also included studies that used alternative 
cutoffs or modifications of the tGCS and mGCS. For all 
Key Questions, we included cohort studies and randomized 
trials that directly compared the tGCS with the mGCS or 
SMS. For Key Question 4 (reliability and ease of use), 
we also included cross-sectional studies and studies that 
assessed one of these scales, and for Key Question 1a 
(predictive utility) we included studies that assessed one 
of these scales if they addressed one of the subpopulations 
specified in the Key Questions not addressed well in the 
head-to-head studies. 

For Key Question 1, we included measures of predictive 
utility for in-hospital mortality, morbidity, markers of 
severe injury, or utilization indicators of severe injury, as 
measured by diagnostic accuracy, adjusted risk estimates, 
measures of discrimination (e.g., the c-index), measures 
of calibration (e.g., the Hosmer-Lemeshow test), or risk 
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reclassification rates. For Key Question 2, we included 
studies that reported the proportion of patients who were 
over- or under-triaged (e.g., the proportion transferred 
to a higher or lower level of care); for Key Question 3, 
we included studies that reported clinical outcomes; and 
for Key Question 4, we included outcomes that assessed 
reliability (e.g., interrater and intrarater kappa) or ease of 
use (e.g., time to complete, measures of missing data, user 
reported satisfaction). 

For all Key Questions we included prospective and 
retrospective studies in which the tGCS, mGCS, or SMS 
was administered soon after injury (conducted in the field/
out-of-hospital setting by EMS personnel) or immediately 
upon arrival to the ED, or that were based on trauma 
registry data collected in the field or in the ED.

Methods 

Literature Search Strategy

This review includes studies published since January 
1995. This search start date was selected because of 
changes in trauma care over time; only five States had 
fully implemented trauma systems in the early 1990s.26 In 
addition, the first studies to compare the predictive utility 
of the mGCS versus the tGCS were published in 1998 and 
2003.18,19

The Cochrane Central Register of Controlled Trials, 
Cochrane Database of Systematic Reviews, CINAHL®, 
PsycINFO®, HaPI (Health and Psychosocial Instruments), 
and Ovid MEDLINE® (January1995 through June 2016) 
were searched for relevant studies and systematic reviews. 
Investigators also manually reviewed reference lists of 
relevant studies and searched for unpublished studies 
in ClinicalTrials.gov. All citations were independently 
reviewed by two investigators to determine eligibility for 
inclusion.

Risk of Bias Assessment of Individual Studies

A single investigator abstracted details about study design, 
patient population, comparison groups, setting, screening 
method, analysis, followup, and results. A second 
investigator reviewed data abstraction for accuracy. Two 
investigators independently rated the quality of studies 
(good, fair, poor) using prespecified criteria developed 
for evaluation of studies on prognosis27 and diagnosis.28 
Investigators did not review, assess, or screen papers that 
they authored. Discrepancies were resolved by consensus.

Data Synthesis

We applied a “best evidence” approach in which higher 
quality evidence (based on study design, risk of bias, 
and use of head-to-head vs. indirect comparisons) is 
prioritized. We did not exclude studies rated high risk 
of bias a priori, but performed sensitivity analyses to 
determine how their exclusion would impact conclusions. 
Within each Key Question, we qualitatively synthesized 
overall findings and assessed how potential modifiers of 
effects (e.g., patient characteristics, characteristics of the 
people administering the instrument, threshold used for 
the tGCS or mGCS, timing, or setting) impacted results, 
as well as study design characteristics (type of study, 
risk of bias). We performed meta-analysis to calculate 
pooled differences in the area under the receiver operating 
characteristic curve (AUROC) using the DerSimonian-
Laird random effects model with Stata/IC 13.1 (StataCorp 
LP, College Station, TX). We also performed analyses 
using the Profile Likelihood method. The AUROC value 
represents the probability that a patient who experiences an 
outcome will have a higher score on the triage scale than a 
person who does not experience the outcome. We defined 
a small difference in the AUROC a priori as a difference 
of less than 0.05, moderate as a difference of 0.05 to 0.10, 
and large as a difference of greater than 0.10. Stratified 
and sensitivity analyses were performed on the potential 
modifiers of effects.

We evaluated any differences in conclusions based 
on direct versus indirect comparisons, as assessments 
of comparative diagnostic accuracy based on direct 
comparisons can differ from those based on indirect 
comparisons, and did not combine direct and indirect 
evidence.

Strength of the Body of Evidence

For all comparisons and outcomes we assessed the 
strength of evidence using the approach described in 
the Methods Guide for Effectiveness and Comparative 
Effectiveness Reviews,29 based on the overall risk of 
bias (graded low, moderate, or high); the consistency of 
results across studies (graded consistent, inconsistent, or 
unable to determine when only one study was available); 
the directness of the evidence linking the intervention 
and health outcomes (graded direct or indirect); the 
precision of the estimate of effect, based on the number 
and size of studies and confidence intervals (CIs) for the 
estimates (graded precise or imprecise); and reporting 
bias (suspected or undetected). Assessments of reporting 
bias were based on whether studies defined and reported 
primary outcomes and whether we identified relevant 
unpublished studies. 
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Results

Results of Literature Searches

Database searches resulted in 4,412 potentially relevant 
citations. After dual review of abstracts and titles, 698 
articles were selected for full-text review. After dual review 
of full-text articles, 32 studies were included.

Key Question 1. Predictive Utility

Twenty-four studies evaluated predictive utility.17-20,30-49 
Differences between the tGCS, mGCS, and SMS in 
discrimination (AUROC) for in-hospital mortality, 
neurosurgical intervention, severe brain injury, and 
emergency intubation were <0.05. Results were similar in 
subgroups stratified by age (child vs. mixed populations 
of adults and children), type of trauma (TBI vs. mixed 
trauma), field versus ED assessment, and other subgroup 
and sensitivity analyses. Main findings are summarized in 
Table A and below.

•	 In-hospital mortality

–– For the tGCS versus the mGCS, the pooled AUROC 
was 0.877 (95% CI 0.847 to 0.906) versus 0.855 
(95% CI 0.822 to 0.888), with a pooled mean 
difference of 0.015 (95% CI 0.009 to 0.022; 
I2=85%), based on 12 studies (strength of evidence 
[SOE]: Moderate).

–– For the tGCS (cutoff of ≤13) versus the mGCS 
(cutoff of ≤5), differences in sensitivity ranged 
from 0 percent to 3 percent; difference in specificity 
ranged from 0 percent to 5 percent in favor of the 
mGCS, though the CIs overlapped in most studies. 
(SOE: Low).

–– For the tGCS versus the SMS, the pooled AUROC 
was 0.884 (95% CI 0.852 to 0.916) versus 0.840 
(95% CI 0.802 to 0.878), for a mean difference of 
0.030 (95% CI 0.024 to 0.036, I2=0%), based on five 
studies (SOE: Moderate).

–– One study found the out-of-hospital tGCS (cutoff 
of ≤13) associated with slightly higher sensitivity 
versus the SMS (cutoff of ≤1) (75%, 95% CI 73 to 
76 vs. 72%, 95% CI 70 to 74) and slightly lower 
specificity (88%, 95% CI 87 to 88 vs. 89%, 95% CI 
89 to 87) (SOE: Low).

–– For the mGCS versus the SMS, the mean difference 
in the pooled AUROC was 0.014 (95% CI 0.006 
to 0.021, I2=0%), based on four studies (SOE: 
Moderate).

•	 Neurosurgical intervention

–– For the tGCS versus the mGCS, the pooled AUROC 
was 0.786 (95% CI 0.729 to 0.842) versus 0.754 
(95% CI 0.688 to 0.819), with a mean difference of 
0.031 (95% CI 0.018 to 0.044; I2=72%), based on 
seven studies (SOE: Moderate).

–– Two studies found inconsistent results for sensitivity 
(51%, 95% CI 50 to 52 vs. 46%, 95% CI 45 to 48 
and 63%, 95% CI 38 to 84 vs. 68%, 95% CI 43 to 
87) and no clear differences in specificity (86%, 
95% CI 86 to 86 vs. 88%, 95% CI 88 to 88 and 
82%, 95% CI 80 to 84 vs. 83%, 95% CI 81 to 85) 
between out-of-hospital tGCS (cutoff of ≤13) versus 
the mGCS (cutoff of ≤5) in accuracy for identifying 
people undergoing craniotomy (SOE: Insufficient 
for sensitivity, low for specificity).

–– For the tGCS versus the SMS, the pooled AUROC 
was 0.809 (95% CI 0.766 to 0.853) versus 0.769 
(95% CI 0.711 to 0.827), with a mean difference of 
0.032 (95% CI 0.025 to 0.039, I2=0%), based on five 
studies (SOE: Moderate).

–– One study found the out-of-hospital tGCS (cutoff 
of ≤13) associated with higher sensitivity than the 
SMS (cutoff of ≤1) for identifying patients who 
underwent neurosurgical intervention (60%, 95% 
CI 56 to 63 vs. 53%, 95% CI 49 to 56) and slightly 
lower specificity (85%, 95% CI 84 to 85 vs. 86%, 
95% CI 86 to 87) (SOE: Low).

–– For the mGCS versus the SMS, the mean difference 
in the pooled AUROC was 0.002 (95% CI -0.005 
to 0.010, I2=0%), based on four studies (SOE: 
Moderate).

•	 Severe brain injury

–– For the tGCS versus the mGCS, the pooled AUROC 
was 0.791 (95% CI 0.734 to 0.827) versus 0.720 
(95% CI 0.666 to 0.774), with a mean difference of 
0.050 (95% CI 0.034 to 0.065; I2=57%), based on 
five studies (SOE: Moderate).

–– One study found no difference between out-of-
hospital tGCS (cutoff of ≤13) versus the mGCS 
(cutoff of ≤5) in sensitivity (62%, 95% CI 55 to 
68 vs. 61%, 95% CI 54 to 67) or specificity (85%, 
95% CI 83 to 88 vs. 89%, 95% CI 88 to 91) for 
identifying people with severe head injury (defined 
as head Abbreviated Injury Scale score of ≥4) (SOE: 
Low).
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–– For the tGCS versus the SMS, the pooled AUROC 
was 0.763 (95% CI 0.710 to 0.815) versus 0.713 
(95% CI 0.654 to 0.771), respectively, with a 
mean difference of 0.048 (95% CI 0.038 to 0.059, 
I2=72%), based on five studies (SOE: Moderate).

–– One study found out-of-hospital tGCS (cutoff of 
≤13) associated with slightly higher sensitivity than 
the SMS (cutoff of ≤1) for severe brain injury based 
on presence of head computed tomography (CT) 
imaging findings (45%, 95% CI 44 to 46 vs. 41%, 
95% CI 40 to 42) and similar specificity (89%, 95% 
CI 89 to 90 vs. 90%, 95% CI 90 to 91) (SOE: Low).

–– For the mGCS versus the SMS, there was no 
difference in the AUROC (mean difference 0.000, 
95% CI -0.008 to 0.007, I2=0%), based on four 
studies (SOE: Moderate).

•	 Emergency intubation

–– For the tGCS versus the mGCS, the pooled AUROC 
was 0.865 (95% CI 0.830 to 0.901) versus 0.822 
(95% CI 0.775 to 0.870), with a mean difference of 
0.034 (95% CI 0.020 to 0.482; I2=88%), based on 
six studies (SOE: Moderate).

–– One study found very small differences between 
out-of-hospital tGCS (cutoff of ≤13) versus the 
mGCS (cutoff of ≤5) in accuracy for identifying 
people who underwent emergency intubation 
(sensitivity 84%, 95% CI 83 to 84 vs. 81%, 95% CI 
81 to 82; and specificity 90%, 95% CI 90 to 90 vs. 
92.0%, 95% CI 92 to 92) (SOE: Low).

–– For the tGCS versus the SMS, the pooled AUROC 
was 0.843 (95% CI 0.823 to 0.864) versus 0.783 
(95% CI 0.747 to 0.819), with a mean difference of 
0.040 (95% CI 0.030 to 0.050, I2=55%), based on 
five studies (SOE: Moderate).

–– One study found the out-of-hospital tGCS (cutoff of 
≤13) associated with slightly higher sensitivity than 
the SMS (cutoff of ≤1) for identifying people who 
underwent emergency intubation (76%, 95% CI 74 
to 77 vs. 73%, 95% CI 71 to 74) and slightly lower 
specificity (89%, 95% CI 89 to 89% vs. 91%, 95% 
CI 90 to 91) (SOE: Low).

–– For the mGCS versus the SMS, there was no 
difference in the AUROC (mean difference 0.000, 
95% CI -0.007 to 0.007, I2=0%), based on four 
studies (SOE: Moderate).

•	 Trauma center need

–– Two studies found small differences between the 
tGCS versus the mGCS in the AUROC (0.617 vs. 

0.609 and 0.641 vs. 0.603), sensitivity (30% vs. 
27% and 28% vs. 25%), and specificity (93% vs. 
95% and 94% vs. 95%) for trauma center care need 
(defined as Injury Severity Score [ISS] of >15, 
intensive care unit [ICU] admission >24 hours, need 
for urgent surgery, or death in the ED) (SOE: Low).

•	 Severe injury

–– Two studies found the tGCS was better able to 
discriminate those with major injury (defined as an 
ISS score of >15) from those without major injury 
(AUROC 0.72, 95% CI 0.71 to 0.72 vs. 0.68, 95% 
CI 0.68 to 0.69 and 0.65, 95% CI 0.65 to 0.65 vs. 
0.61, 95% CI 0.60 to 0.61) (SOE: Low).

–– One study found the out-of-hospital tGCS (cutoff 
of ≤13) associated with slightly higher sensitivity 
and slightly lower specificity than the mGCS (cutoff 
of ≤5) for identifying people with major injury 
(defined as an ISS score of >15) from those without 
major injury (sensitivity 31%, 95% CI 31 to 32 vs. 
28%, 95% CI 28 to 28 and specificity 91%, 95% CI 
91 to 91 vs. 93%, 95% CI 93 to 93) (SOE: Low).

•	 Age: Effects on discrimination between the tGCS 
versus the mGCS were similar in studies that enrolled 
children and those that enrolled mixed populations of 
adults and children (SOE: Low).

•	 Type of trauma: Effects on discrimination between the 
tGCS versus the mGCS were similar in studies that 
evaluated patients with TBI and those that enrolled 
mixed trauma patients (SOE: Low).

•	 Out-of-hospital versus ED assessment: One study of 
adults found no differences between out-of-hospital 
and ED GCS scores on discrimination for in-hospital 
mortality or neurosurgical intervention but another 
study of adults or children found out-of-hospital GCS 
scores associated with higher discrimination for in-
hospital mortality than ED scores (AUROC 0.754 vs. 
0.635, p-value not reported). Effects on discrimination 
between the tGCS and the mGCS were similar in 
studies that evaluated out-of-hospital GCS scores and 
those that used ED scores (SOE: Insufficient).

•	 No study evaluated how intoxication status, blood 
pressure, intubation status, receipt of field intubation, 
or level/training of field assessors impacts comparative 
predictive utility of the tGCS versus the mGCS or SMS.
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Table A. Pooled AUROC results of head-to-head studies 

Outcome and 
analysis

tGCS Vs. mGCS, 
Difference in AUROC 

(95% CI)

Number 
of 

Studies I2

tGCS Vs. SMS, 
Difference in AUROC 

(95% CI)

Number 
of 

Studies I2

In-hospital mortality, 
overall 0.015 (0.009 to 0.022) 12 85% 0.030 (0.024 to 0.036) 5 0%

Adults or mixed 0.019 (0.012 to 0.025) 10 75% 0.030 (0.024 to 0.036) 5 0%

Children 0.006 (0.002 to 0.011) 2 0% -- -- --

Excluding NTDB studies 0.017 (0.008 to 0.025) 10 68% 0.030 (0.024 to 0.036) 5 0%

Excluding studies with 
potential overlap* 0.016 (0.008 to 0.024) 9 88% 0.031 (0.023 to 0.039) 3 0%

Out-of-hospital GCS 0.016 (0.007 to 0.024) 7 91% 0.031 (0.023 to 0.039) 3 0%

ED GCS 0.020 (0.006 to 0.034) 3 23% 0.030 (0.020 to 0.039) 2 0%

U.S. setting 0.015 (0.008 to 0.022) 10 87% 0.030 (0.024 to 0.036) 5 0%

TBI patients 0.009 (-0.002 to 0.020) 3 0% -- -- --

Low risk of bias studies 0.017 (0.015 to 0.020) 5 0% 0.030 (0.022 to 0.037) 3 0%

Enrollment before 2006 0.018 (0.011 to 0.024) 10 77% 0.030 (0.024 to 0.036) 5 0%

Enrollment 2006 or later 0.006 (0.001 to 0.011) 2 0% -- -- --

Neurosurgical 
intervention, overall 0.032 (0.020 to 0.043) 7 72% 0.032 (0.025 to 0.039) 5 0%

Adults or mixed 0.031 (0.018 to 0.044) 6 76% 0.032 (0.025 to 0.039) 5 0%

Children 0.034 (0.009 to 0.059) 1 -- -- -- --

Excluding studies with 
potential overlap* 0.032 (0.011 to 0.053) 4 79% 0.038 (0.024 to 0.052) 3 19%

Out-of-hospital GCS 0.032 (0.011 to 0.053) 4 79% 0.038 (0.024 to 0.052) 3 19%

ED GCS 0.029 (0.020 to 0.039) 2 0% 0.029 (0.020 to 0.038) 2 0%

U.S. setting 0.032 (0.020 to 0.044) 7 72% 0.032 (0.025 to 0.039) 5 0%

TBI patients 0.017 (-0.022 to 0.056) 2 66% -- -- --

Low risk of bias studies 0.026 (0.019 to 0.034) 4 0% 0.029 (0.021 to 0.037) 3 0%

Enrollment before 2006 0.033 (0.021 to 0.045) 6 74% 0.032 (0.025 to 0.039) 5 0%

Enrollment 2006 or later 0.019 (-0.009 to 0.047) 1 -- -- -- --

Severe brain injury, 
overall 0.050 (0.034 to 0.065) 5 57% 0.048 (0.038 to 0.059) 5 72%

Adults or mixed 0.046 (0.038 to 0.054) 4 0% 0.048 (0.038 to 0.059) 5 72%

Children 0.121 (0.068 to 0.174) 1 -- -- -- --

Excluding NTDB studies 0.050 (0.034 to 0.065) 5 57% 0.048 (0.038 to 0.059) 5 72%

Excluding studies with 
potential overlap* 0.065 (0.020 to 0.111) 3 76% 0.051 (0.034 to 0.068) 3 74%

Out-of-hospital GCS 0.041 (0.028 to 0.053) 2 0% 0.051 (0.034 to 0.068) 3 74%

ED GCS 0.060 (0.028 to 0.093) 3 73% 0.044 (0.030 to 0.059) 2 51%

U.S. setting 0.050 (0.034 to 0.065) 5 57% 0.048 (0.038 to 0.059) 5 72%

TBI patients -- -- -- -- -- --
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Outcome and 
analysis

tGCS Vs. mGCS, 
Difference in AUROC 

(95% CI)

Number 
of 

Studies I2

tGCS Vs. SMS, 
Difference in AUROC 

(95% CI)

Number 
of 

Studies I2

Low risk of bias studies 0.046 (0.038 to 0.053) 3 0% 0.044 (0.035 to 0.053) 3 25%

Enrollment before 2006 0.050 (0.034 to 0.065) 5 57% 0.048 (0.038 to 0.059) 5 72%

Enrollment 2006 or later -- -- -- -- -- --

Emergency intubation, 
overall 0.034 (0.020 to 0.048) 6 88% 0.040 (0.030 to 0.050) 5 55%

Adults or mixed 0.034 (0.020 to 0.048) 6 88% 0.040 (0.030 to 0.050) 5 55%

Children -- -- -- -- -- --

Excluding studies with 
potential overlap* 0.026 (0.015 to 0.037) 4 68% 0.033 (0.025 to 0.040) 3 0%

Out-of-hospital GCS 0.026 (0.015 to 0.037) 4 68% 0.033 (0.025 to 0.040) 3 0%

ED GCS 0.048 (0.039 to 0.058) 2 0% 0.048 (0.039 to 0.057) 2 0%

U.S. setting 0.034 (0.020 to 0.048) 6 88% 0.040 (0.030 to 0.050) 5 55%

TBI patients 0.011 (-0.010 to 0.032) 1 -- -- -- --

Low risk of bias studies 0.037 (0.022 to 0.052) 4 79% 0.046 (0.038 to 0.054) 3 0%

Enrollment before 2006 0.038 (0.020 to 0.053) 5 91% 0.040 (0.030 to 0.050) 5 55%

Enrollment 2006 or later 0.018 (0.005 to 0.031) 1 -- -- -- --

Table A. Pooled AUROC results of head-to-head studies (continued)

AUROC=area under the receiver operating characteristic curve; CI=confidence interval; ED= emergency department;  
GCS= Glasgow Coma Scale; mGCS= motor Glasgow Coma Scale; NTDB= National Trauma Data Bank; SMS= Simplified Motor 
Score; TBI=traumatic brain injury; tGCS= total Glasgow Coma Scale
*When multiple studies published from the same trauma center, analysis restricted to the most recent study using out-of-hospital GCS 
scores (excluded Gill 2005,20 Haukoos 2007,40 Acker 201430)

Key Question 2. Over- and Under-Triage 
Rates

No study evaluated comparative effects of the tGCS versus 
the mGCS or SMS on over- or under-triage rates.

Key Question 3. Effectiveness of Clinical 
Outcomes

No study evaluated comparative effects of the tGCS versus 
the mGCS or SMS on clinical outcomes.

Key Question 4. Interrater Reliability and 
Ease of Use

Ten studies evaluated interrater reliability or ease of 
use.41,46,50-57 Evidence on comparative interrater reliability 
and ease of use was very limited. There were few head-
to-head studies, studies had methodological limitations, 
and studies on ease of use focused on scoring of written 
or video patient scenarios. No study assessed ease of use 
as measured by time to complete assessments or assessor 
satisfaction. 

•	 The interrater reliability of tGCS and mGCS appears 
to be high, but evidence was insufficient to determine 
if there were differences between scales (SOE: 
Insufficient).

–– Evidence was insufficient to assess effects of patient 
or assessor characteristics on comparative interrater 
reliability of the tGCS versus the mGCS (SOE: 
Insufficient).

–– No study evaluated how comparative interrater 
reliability or ease of use of the tGCS versus the 
mGCS varies according to assessment setting (SOE: 
Insufficient).

•	 Three studies found the tGCS associated with a 
lower proportion of correct scores than the mGCS 
(differences in proportion of correct scores ranged from 
6% to 27%), though the difference was statistically 
significant in only one study (SOE: Low).
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–– The proportion of correct GCS scores was generally 
lowest for assessment of patient scenarios with 
moderate injury severity in three studies, including 
one study that evaluated the tGCS and the mGCS 
(SOE: Low).

–– Three studies found that training or use of a scoring 
aid increased the proportion of correct scores on 
both the tGCS and mGCS (increase in proportion 
of correct scores ranged from 32% to 70%) (SOE: 
Low).

–– Evidence was insufficient to determine effects of 
level of training or professional background on the 
proportion of correct scores on the tGCS versus the 
mGCS (SOE: Insufficient).

•	 One study found agreement between out-of-hospital 
and ED scores was similar for the tGCS and the mGCS 
(SOE: Low).

Discussion

Key Findings and Strength of Evidence

Based on head-to-head studies, we found that the tGCS is 
associated with slightly better predictive utility than the 
mGCS, based on the AUROC, a measure of discrimination. 
The tGCS is better able than the mGCS to discriminate 
people with trauma who undergo neurosurgical 
intervention, have severe TBI, or undergo emergency 
intubation from people who do not experience these 
outcomes. However, the difference in the AUROC on each 
of these outcomes was small (<0.05). The tGCS was also 
better than the mGCS at discriminating trauma patients 
who died during hospitalization from those who survived 
hospitalization, but the difference in the AUROC was even 
smaller (0.01) than for nonmortality outcomes. Findings 
for the tGCS versus the SMS were similar to findings for 
the tGCS versus the mGCS for nonmortality outcomes, 
but the SMS performed slightly worse than the mGCS for 
in-hospital mortality (difference in AUROC 0.03). This 
means that for every 100 trauma patients, the tGCS is able 
to correctly discriminate 1 to 3 more cases of in-hospital 
mortality from cases without in-hospital mortality than 
the mGCS or the SMS.  Although studies varied in how 
they defined neurosurgical interventions, severe brain 
injury, and emergency intubation, findings were generally 
similar across definitions for these outcomes. Findings 
for discrimination were robust in sensitivity and subgroup 
analyses based on the age group analyzed (children vs. 
adults or mixed), study year (before 2006 or 2006 or later), 
or risk of bias ratings. However, sensitivity and subgroup 
analyses were limited by small numbers of studies, 
particularly for nonmortality outcomes.

Evidence on how age, type of trauma, intubation status, 
intoxication status, receipt of field interventions, timing 
of GCS assessment, or level of training of people 
administering the GCS impacted predictive utility was 
limited. Few studies specifically evaluated children or 
patients with TBI, though those available reported findings 
similar to studies that evaluated adults, mixed populations 
of adults and children, or mixed trauma patients.

Evidence on interrater reliability and ease of use was 
limited. For assessment of patients with trauma, only one 
study, with methodological limitations and imprecise 
estimates, was included that compared interrater reliability 
of the tGCS, mGCS, and SMS. Studies that addressed 
ease of use were limited to those that evaluated whether 
the measures were scored correctly compared with a 
reference standard (usually expert assessment). Three 
studies found that the percentage of correct scores was 
higher for the mGCS than the tGCS, though in only one 
study was the difference statistically significant. Limited 
evidence suggests that errors are more frequent when 
assessing patient scenarios, indicating moderate injury 
severity (tGCS scores of 9-13).51,53,56 For both scales, use of 
a scoring aid or training appears to improve the proportion 
of correct scores. No study evaluated other measures of 
ease of use, such as time to complete the assessment or 
assessor satisfaction.

One study found that agreement between field and ED 
scores was similar for the tGCS and mGCS.55 Although 
differences between field and ED scores were noted for 
both scales, the study also found that blood pressure 
readings changed. Therefore, some differences between 
field and ED scores may accurately reflect changing status 
of the patient due to receipt of out-of-hospital interventions 
and evolving clinical status, rather than true lack of 
agreement.

Applicability

Our findings on predictive utility of different GCS scales 
appear to have broad applicability to field triage in the 
United States, as they are based on large studies conducted 
in U.S. trauma settings in mixed populations of adults and 
children with various types of trauma. We also restricted 
study inclusion to studies published in 1995 or later, with 
most studies conducted in the last 5 to 10 years, suggesting 
a high level of applicability to use in the context of current 
trauma systems.

Nonetheless, we identified a number of factors that can 
impact applicability. Despite the broad applicability of the 
evidence, its applicability to specific patient populations 
(e.g., specific type of trauma, age, presence and severity 
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of intoxication, presence of medical comorbidities, 
and presence of other injuries) is less certain. Limited 
evidence suggests similar results in children versus mixed 
populations of adults plus children and in patients with TBI 
versus mixed trauma populations. No study evaluated how 
predictive utility varied according to the level or training 
of field training personnel. In fact, no study that used 
out-of-hospital scores reported information on the training 
of the people administering the GCS. Another factor that 
could impact applicability is that the performance of the 
tGCS and mGCS may be different when administered soon 
after injury (in the field) as opposed to later (after field 
stabilization and destination decisions have been made or 
after patients have arrived in the ED). A number of studies 
on predictive utility were conducted in ED settings, which 
is more controlled and easier to study than field settings. 
Evidence on the predictive utility from studies conducted 
in the ED may be of limited applicability to field settings. 
However, we found that predictive utility was similar 
in studies that utilized out-of-hospital versus ED GCS 
scores. We also found no clear differences in estimates of 
predictive utility when we restricted analyses to studies 
conducted in U.S. settings or to more recent (2006 or later) 
studies, which may be more applicable to current U.S. 
practice.

Research Recommendations

Head-to-head observational or randomized studies that 
assess one set of patients with the tGCS and another 
set with the SMS or mGCS are needed to understand 
effects on clinical outcomes as well as risk of over- or 
under-triage. For over- and under-triage, studies should 
utilize standardized, validated measures to determine the 
appropriateness of transport and triage decisions. For 
predictive utility, prospective studies that independently 
assess patients using the tGCS and the mGCS or SMS 
would be useful for confirming the findings of the 
currently available retrospective studies. Studies are 
needed to better understand the predictive utility in 
important subpopulations, including children, older 
patients, patients with specific types of trauma, and 
patients who have received field interventions prior to 
assessment. For patients who are intoxicated or intubated, 
studies that measure how frequently the tGCS reverts to 
the mGCS due to the inability to assess the other GCS 
components would be helpful. Studies that evaluate how 
the predictive utility of the tGCS compares with the mGCS 
or SMS varies according to the level or type of training of 
assessing personnel in the field are also needed. Finally, 
studies that assess measures of predictive utility other than 
discrimination (e.g., calibration, adjusted risk estimates, 

diagnostic accuracy, risk reclassification) would be useful 
for providing more complete information regarding 
predictive utility.

Conclusions

The tGCS is associated with slightly greater discrimination 
than the mGCS or SMS for in-hospital mortality, receipt 
of neurosurgical interventions, severe brain injury, and 
emergency intubation, with differences in the AUROC 
ranging from 0.01 to 0.05. The clinical significance of 
small differences in discrimination is likely to be small, 
and could be offset by factors such as convenience and 
ease of use. Research is needed to understand how use 
of the tGCS versus the mGCS or SMS impacts clinical 
outcomes and risk of over- or under-triage.
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